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[54] Title of Invention: Protein chip and method for its preparation together with Us use for 
screening monoclonal antibodies 



[57] Abstract 

This invention concerns a protein chip and method forte preparation together with its 
use in a sensitive method for screening monoclonal antibodies, including the steps: 



(1) Immunizing BALB/c mice with homogenized tissue; 

(2) Fusing spleen cells and myelomas of BALB/c mice; 

(3) Separating individual hybridomas with a flow-type cell meter and raising a culture; 

(4) Preparing a protein chip used for identifying the antibodies produced while at the 
same time establishing a bybridoma bank; 

(5) Preparing a protein chip for screening use and using specific antigens and 
polyclonal annbodies to semen for the corresponding monoclonal antibodies. 
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Claims 



1. Protein chip, therein a large quantity of specific antigens or antibodies axe fixed in 
sequence on a earner, which can be a cellulose nitrate film, a nylon film or a glass plaic. to 
form an array utilizing the antigen-antibody affinity reaction to detect the corresponding 
antibody or antigen, characterized by utilizing mis protein chip for the large scale screening of 
monoclonal antibodies, constirating a rapid and sensitive screening method, which in practice 
is divided into the following five steps: 

(1) Immunizing BALB/c mice with homogenized tissue; 

(2) Fusing spleen cells and myelomas of BALB/c mice; 

(3) Separating individual hybridornas with a flow-type cell meter and raising a culture; 

(4) Preparing a protein chip used for ideiuifying the antibodies produced while at the 
same time establishing a hybridoma bank; 

(5) Preparing a protein chip for screening use and using specific antigens and 
polyclonal antibodies to screen for the corresponding monoclonal antibodies; thus 
constituting the screening process. 

2. Preparation method for the protein chip according to Claim 1 , characterized by fusing the 
spleen cells and myelomas of immunized BALB/c mice to produce hybridornas and 
separating out individual cells and cttlwring them in a 384 well plate, 

TaVdng the supernatant fluid from the cultured hybridornas and transferring it to a new 384 
well plate, and placing dote of the supernatant fluid on a glass plate to form an array of 1000 
dois/cm 2 with a specimen dropper, such that each dot corresponds to a well, each dot being 
0.2 - 1 ul of supernatant fluid with an IgG eventration of 1 - 100 Pg/ml, so that many 
protein chips can be prepared at one time. 

3. Using the protein chip according to Claim 1 in a method for identifying antibodies 
produced, characterized by adding immune anti-mouse IgG antibodies labelled with FITC 
namely fluorescein isothiocyanate, having a dtre of 1 : 50 - 1 : 1000 to the protein chip, 
incubaring for 30 - 60 minutes in an incubator at 37"C and observing the results under the 
fluorescence microscope. 
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4. Using the protein chip according to Claim 1 in a method for itotifying antibodies 
produced, characterized by also establishing a hybridoma bank at the same time as identif ying 
the antibodies produced, the actual method being: selecting fluorescing dots under the 
fluorescence microscope, labelling the conespotiding wells containing the hybridomas. u*m B 
an appropriate quantity of cells and culturing them, and freezing the cells in Ho>d nitrogen to 
establish a hybridoma baric 

5. Using the protein chip according to Claim 1 in a method for screening monoclonal 
antibodies, characterized by using specific antigens and polyclonal antibodies to screen for 
the corresponding monoclonal antibodies, foe actual method being: 

(1) Adding antigen to the protein chip at a concentration of 0.1 • 100 Pg/ml and 
incubating for 30 - 60 minutes in an incubator at 3VC; 

(2) Washing the protein chip 3 - 5 times in a phosphate buffer solution; 

(3) Adding polyclonal antibodies giving immunity to specific antigens to the protein 
chip, using HTC labelling for the antibodies, giving an antibody litre of 1 : 5 - 

1 : 1 000 and incubating for 30 - 60 minutes in an incubator at 37°C, 

(4) Observing the protein chip under the fluorescence microscope, selecting 
fluorescing coloured dots and extracting the corresponding hybridomas from me 
hybridoma bank, culturing. and identifying ihe screened monoclonal antibodies; 

(5) Substituting another antigen and its fluorescent labelled polyclonal antibody and 
repeating steps (1) - (4) » screen out another monoclonal antibody. 
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Description 

F^in Chip and Meihod for ,u r^renon Togete W,* iu Use for Saeemng Monocle 

Antibodies 

Thjs invention WH *i.b» *e of -otaatar biology and con«n» a protein chip and .he 
screeoing of monoclonal antibodies. 

Th. monocle antibody ,echmaue was invewcd hi »*. ■* » P"*""*™ ^ M " 
basicaUy as fallows: 

nice fbsing *» (3) Cloning *. nybtidooras, (4) Sc«««g *« — *- 
antibodies* 

(3) The single cell microscopic operation method, (4) Tti& monoclonal cell colony 
Loscopic mem* « The fern* .»«. ceU c«egcn«r cflow-^c ce« 

merer) separation method- 

Cos* screemng memod. •» spedfie mohoeh^ andbod* ioch.de: U> 

•-™, m „ m »v (31 Bsdio-iimionciessey. (4) Chenucsl hght 

M w mi*-*--**---"- « *" ""rT^ 

Lwy tod. w«h tic cnve.oo.nl antigen; after washing, s second ^-UhelW 
Ihl' added fo for*, a second fired enugeti-annbody^y™ label antibody ^ 

JZ* can be carried o« on .he monoctod antibody rpeomen to be roeasu-ed. 
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The greatest shortcoming of the classic screening methods for specific monoclonal antibodies 
is that only one antibody from the numerous clones can be screened out, bo thai there is great 
waste, and efficiency is low. 

By using a protein chip it is possible to detect a large quantity of antigen-antibody binding 
reactions rapidly. If homogenized tissue is used to immunize mice, and the antibodies 
secreted by the cloned hybridomas are fixed on a earlier (usually a nylon film, a cellulose 
nitrate film or glass plate), it is possible to screen for different antigen monoclonal antibody 
bybridoroa strains by using different antigens and their polyclonal antibodies. Prom a 
theoretical point of view, if the cloned hybridoma bank is sufficiently large, all the protein 
monoclonal antibodies can be screened, 

The comparative literature and references discovered by searching are appended hereafter. 

The objective of this invention is » invent a protein chip, such that the protein chip produced 
according to its preparation method can be used for me large scale and rapid screening of 
monoclonal antibodies, the method being simple and the costs being low, together with the 
simultaneous establishment of a hybridoma bank; this invention also concerns the 
establishment of a method for using specific antigens and polyclonal antibodies for screening 
ibe corresponding monoclonal antibodies. 



The 



following scheme was adopted for the realization of the objective of this invention: 

(1) Immunizing BALB/c mice with homogenized tissue; 

(2) Fusing spleen cells and myelomas from BALB/c mice: 

(3) Separating individual hybridomas with a flow-type cell meter andraising a culture; 

(4) Preparing a protein chip used for identifying the antibodies produced while at the 
same time establishing a hybridoma bank; 

(5) Preparing a protein chip tor screening use and using specific antigens and 
polyclonal antibodies to screen for the conespondmg monoclonal antibodies. 



A further concrete 
figures: 



description of this invention is given in combination with the appended 
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Ttes^auedpiotmncmptsan r whicbcanbe a cellulose ruirete»m. a nylon 

(antibodies) are fixed in sequence on a earner, whicn can ne 

C onespondin&aniibQdy(««ig«i)- 

- o fl«w chan of die classic monoclonal antibody 
TheflowchaitoftniainvenDonandaflowcnatiwmc 

mwnich Ha ihe classic hybridomaanubody 

preparation are compared in Figure i, m wmw ^intheillusnaaonof 

this invention being the five operating s*P*. namely: 

(1) immunizing BAtB/c mice wimhonmgeiuzed tissue; 

P) Fusing spleen cells and myelomas from BALB/c trace; .. 

W ruw4 ^ r . _ VJ „p nieier and raising a culture, 

msenatating individual hybridomas with a flmv-type ceU meter ano w. e 

(3) Separaong m* ^ ^bo^es produced while at the 

(4) Preparing a protein chip usea tor wnu*y«* 
same lime establishing » hybridoma bank; 

^ »*•*■ ™ m,ibod,££ ' 

™ : M btsU e4 S«edfic «mga 5. Spleen «U* 6. HyW*>~. 7. Cta» 
bank U. Protein chip for screening spew* 

produced. 
In Rgun? 2: 



3 



OI-feb-t! 10:36am Frm-CMHTOEIS I 0UHSFOM ' MJ0TOS4186 T-lll f . 09/20 F-070 

+02074854166 



l.Scloooouaooo: 



oKsgowo. of one proaein ehlp to «=^"6 1^ """""^ao anibodiea: 



A. round oMo do* ondicaoe *■ ponding *dl. h.vu.6 MOW* pMuedoo: to whioe 
round doe iodicauo no .nobody pwduenon, «s moae cloooea. 

noouae flndbodylgG (inuaouboglobuudin te clo MS .d> e »u- m o«I l ooO»dbod>« .flbeUod 
woohFITC (fluc^a. iaoohiocyflno..) coo^ bM ^ « wa^cd .*ay during ohc wflahin e . 
so otost the coTTflapoaodwiB dooos show ooo fluorescence 

, On oooo pr.ne.pl. ^ deveiopaneno oo ondieae .nobody product, wh- ohe done* eoonaon 
^ lg0m »bo< He5 .* Cjff OwoBl»faed i »«P«c i 6oU J c^oo. g l« ! pU«o,h«d« 

MM- <*•-*• «""« , ' Me - 

wUnadoodensooyof 1000 MM* HTC-UbdUd floti-rnou* IgO « iocubauod on oho glass 
plaoe, flood where ohere ooo uoooose IgG doos fhey ofoli fltiojflsc*. Mod by Uus method 4 large 
q u.outy of ututfl ctonM ew be conveniently removed. 

a are effecu.. anoibodoes. S are ineffecuve anoibodiea. flnd 6 «e FITC-oflbefled mouse IgG 
antibodies. 

Tte pHneipte of uaoeg the prooeoo chip for ohe seoeeoiog of specific anhbodocs ratong AFP (o- 
, Jprooein, as - exan^le oa flhown in Figure 3, in whoch do. aupemfloant flood 6ono ohfl IgG 

w1x *clor«t»d««li5F^i"<^»*S™I^^*» ta ^ of 

1000 ooosW. AFP and FTTC-labelled otnamone AFP Phonal annbo«es are uoed. *«h 

^baoon on me sUss pU*. *o doa. if cer* d« or, oh. sjaaa P^ have AFP u—a, 

a n abod* S F^Ooore««»cowmbopnKh^ 

onFogorrea. f ^M^^^^^^^^^ 

.^ve- 2 is a *.gron rhoovong do. pnnciple of no developed where ohere are no 

jL^flc rnonoeUafll ca^oo dfcdoguish spec*, andg.es and so 

complexes, and so ihe corresponding do* do not fl*> reS ce. diagram 
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principle of development whew antibodies fue produced, where specific monoclonal 
antibodies can distinguish specific antigens and so can form specific monoclonal antibody- 
antigen-polyclonal antibody-fluorescent complexes, so thai the corresponding doxs show 
fluorescence; 4 is a specific antibody, 5 is a non-specific antibody. 6 is ihe antibody for a 
specific PTTC-labelled antigen- 

The actual method can be divided into five pans: 

1. Immunizing BALB/c mice with homogenized tissue; 

2. Fusing spleen cells and myelomas from BALB/c mice; 

3. Separating individual hybridomas with a flow-type cell meter and raising a culture; 

4. Preparing a protein chip used for identifying the antibodies produced while at the same 
time establishing a hyhridomabanlc; 

5. Preparing a protein chip for screening use and using specific antigens and polyclonal 
antibodies to screen for the corresponding monoclonal antibodies. 

1. Immunizing BALB/c mice with homogenized tissue: 

2 g of tissue (all kinds of normal tissue and tumour tissue are acceptable) were taken and 
formed into a homogeneous paste and centtifuged; me large cell fragments were discarded, 
and conventional immunization was carried out 

2. Fusing spleen cells and myelomas from BALB/c mice: 

The spleen cells and a suitable quantity of myelomas were taken from immune BALB/c mice 
and fused using PEG (polyethylene glycol); after fusion the cells were immediately 
transferred to a HAT culture liquid [containing hypoatinthine (H). aminoptcrin (A) and 
thymidine flDl. me culture liquid was changed to HT after 4 - 5 days, and after 6 - 7 days it 
was changed to ordinary culture fluid- 



3. Separating individual hybndomas with a flow-type cell meter and raising a 
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The fused hybridoroas were collected and cultured for 7 - 8 days to form a suspension; 
individual cells were separated using a flow-type cell meter and were collected in a 384 well 
culture plate. Culture fluid and feed cells (usually mouse stomach macrophages ate used) 
needed first to be placed in the culture wells; they were cultured for S days and tested to see 
whether antibodies had been produced. After culraring for 8 days they we* tested once again. 

4. Preparing a protein chip used fOTidennfying the annbodies produced while at the same 
time establishing a hybridoma bank; 

(1) preparation of a protein chip: the supernatant fluid was taken from the cultured 
cells and transferred to a new 384 well plate. The supernatant fluid from the culture was 
placed in dots on a glass plate using a specimen dropper to form an array of 1000 dots/cm 2 ; 
(different specimen droppers, different dot printing densities and different volumes of 
supernatant fluid were used); each dot corresponded to a well* and each dot contained 0.2 - 
1 ul of supernatant fluid. The lgG concentration was 1 - 100 Pg/ml. 

(2) Using the prepared protein chip to identify the antibodies produced while at the 
same time establishing a hybridoma bank: FTTC-labelled ami-mouse IgG antibodies (titre 
1 : 50 - 1 : 1000) were added to the protein chip and incubated for 30 - 60 minutes in an 
incubator at 37«C, and the results were observed under the fluorescence microscope (it is also 
possible to obtain the image by other means, such as an excitation light scanning instrument). 

(3) Establishing * hybridoma bank: dots which fluoresced were selected under the 
fluorescence microscope; the culture wells containing the corresponding nybiidomas were 
labelled, and a suitable quantity of cells was taken and cultured The cells were stored in 
liquid nitrogen to establish the hybridoma bank. 

See Figure 4 for the fluorescence photomicrographs showing identification by the protein 
chip of the antibodies produced. The bright dots correspond to the antibodies produced by the 
hybridoma. otherwise they are mote clones. 

Using FITC-labelleti anti-mouse IgG is only one identification method, and other methods 
include using fluorescent molecule labelling of other anti-mouse IgG polyclonal anubodres or 
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!SL » screen for*. 

a 384 well Blue w« uiedwiih revived froze* cells. 

. i m Pa/ml so thai many protein chips como ^ i*"* 
conccniranon was 1 - 100 rg«m, 

(2) sending for specific monoclonal antibodies: 

u»t*A far 30 - 60 mimues in an incubator a: 37"C, 
2)TheF ffle»ch P w«wKlwi , mi „ added K, the proWe ctap. usiei 

k ..„ n .„ c »ried out fa, 30 - 60 mm*** it «* racubetor « 37 C. 
PrecticalB»anjpte: 

. m -repaie Q-foetoprotein (AFP) and 
Hcmo^izcdfoaua^wasascdforun^^onu.prepax 

acun monoclonal awbodies. 
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TV pra *c*l ««mplo * too five pro 

•^luidual hvteidomw with a flow-type ceu 

„ w, «n aborwi factum 10 ml of ph°»ph»» 
^ added. »d fte *« - »-* 6 . » i L of p**p»u* 

wee*, and ,0to 4 w<*k"» .mmmuuoo* boosur g> 
I Fusing sp.** "* ™<>^ *» 9Ati " m ' Ct: 
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CI) A cell suspension was placed in a 70 em culture dish already supplemented with a 
feed cell layer, and this was placed in an incubator containing 5-8% COj at 37X for 
coliuring; 

(2) The HAT culture liquid from the fusion of that day was cultured and observed 
once per day. Small colony clones appeared among the fused cells on the fourth day, 
and HT culture liquid was immediately used instead. After one day it was changed to 
ordinary complete culture liquid; 

(3) Mouse stomach macrophages were prepared as feed cells, and each well of a 384 
well plate contained 10 s feed cells; 

(4) On the sixth day after fusion, the hybridoroas were very lightly blown and sucked 
to farm a suspension; 

(5) Individual cells were separated from the suspension using a flow-type cell meter, 
and one cell was added to each well, making a total of 100 plates each with 384 wells; 

(6) Conventional culturing was carried out for 5 - 8 days, and the growth of die clones 
was observed- The supernatant fluid was taken from the culture on the eighth day and 
transferred to a new 384 well plate. 

4. Preparing a protein chip, discarding mute clones and establishing a hybridoma bank 

CI) Preparation of protein chip: the supernatant liquid from the culture was dot printed 
on a glass plate (US Teleehem Company. Stock No. SMA-25) using a specimen 
dropper, with each dot containing 0.2 ul to form a 1000 dots/cm 2 array. Each glass 
plate was dot printed with 1920 dots Ccorresponding to 5 plates each with 384 wells). 
A total of 20 glass plates were dot printed and were dried at room temperature for 24 
hours. 100 tngftnl of bovine serum was **** and * e glass P lalE8 sca1ed 
at room temperature for 2 hours and were slowly rinsed for 2 minutes with double 
distilled water: 
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(2) Identifying the antibodies produced: 0.3 ml of FTTC-labelled anti-mouse IgG was 
added to the chip with a five of 1 : 500 and incubated for 45 minutes in an incubaior 
at 37°C- It was then rinsed 3 tunes hi phosphate buffer solution; 

(3) Fluorescence microscopy, light excitation at a wavelength of 492 run was used, 
and the results were observed and photographed through a 525 nm filter. See Figure 4 
for the results, in which the bright spots correspond m the production of hybridoma 
antibodies, otherwise they are mute clones; 

(4) Establi shrnent of hybridoma bank: the cells expressing IgG were selected (a total 
of 6500 wells), and me cells were suspended and transferred to new 384 well culture 
plates, totalling 17 plates. They were cultured for 8 days, and the supernatant liquid 
was transferred to new 384 well plates for preparation of the protein chip. The 
hybtidomas were again cultured, and they ware frccze-sTored after serial numbering. 

S. Preparing a protein chip for screening use, using AFP to screen for AFP monoclonal 
antibodies, and using actin to sateen for actin monoclonal antibodies: 

(1) Preparation of protein chip for screening use: the abovemenuoned culture 
supernatant liquid obtained was dot primed on glass plates using a specimen dropper, 
each glass plate having 1020 dots, with a total of 4 glass plates. The dot priming was 
repeated for 1000 sets, which were dried at room temperature for 24 hours. They were 
sealed with 100 mg/ml of calf serum for 2 hours and slowly rinsed for 2 minutes with 
double distilled water, dried and preaerved- 

(2) Screening for AFP antibodies 

1) 0.3 ml of AFP antigen with a concentration of 20 Pg/ml was added to the protein 
chip and incubated for 45 minutes in an incubator at 37°C- The chip was washed ihree 
times with PBS; 

2) FTTC-labelled ami-AFP polyclonal antibodies (US Chemicon Company. Stock No. 
AB562) were diluted to a titre of 1 : 100; 
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3) 0.3 ml of the FlTC-labelkd anti-AFP polyclonal antibodies was added to the chip 
and incubated for 45 minutes in an incubator at 37°C, 

4) Fluorescence microscopic observation of the chip: the excitation light was ai 

492 nm, and observation and photography were earned out through a 525 nm filler to 
record the fluorescent positions under the microscope. See Figure 5 for the results. 2 
strains of AFP monoclonal antibodies were screened, indicated by 1 and 2 
respectively. 

(3) Screening for actio monoclonal antibodies: 

The procedure was as in (2), the anu-actm polyclonal antibodies having been 
purchased from the US Chemicon Company, Stock No. AB978. See Figure 6 for the 
results. 4 strains of actin monoclonal antibodies were screened, indicated by 1, 2, 3 
and 4 respectively. It can be seen from the figure that 1 and 2 showed the highest 
affinity, and 4 bad the lowest affinity. 

Advantages of this invention: 

Low costs: once the bank is established, the protein chip can be used to screen for the 
monoclonal antibodies for many antigens, and the overall cost can be reduced by an order of 
magnitude; 

Simple operation: it is not necessary to repeal the immunization of the mice or to repeat the 
fusion, and many screenings can be earned out after establishment of the bank; 

Automation: a flow-type cell meter is used to separate individual hybiidomas; manpower 
requirements are mimmised by using the pretein chip for identification of antibodies; 
monoclonal antibodies can be screened rapidly and on a large scale. 

Applications of this invention: 
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Us.ng *e p»« chip C rtus .nvcaSon adfc. * 
Explanaion of Appended Figure to tWcttpMK 
preparation of monoclonal antibodies: 

f , , n j_,, nntihodies; 2 is a flow chart for this 
1 is a flow chart of the classic preparanon of hybndoma aobbomes, 

invention. ID - (S) correspond to the five operating steps. 



(2) Fusing spleen cells and myelomas ftomBAliJ/c nuce; 
m Separating individual hybrids with a flow-rj 

^bodies to screen for the corresponding ^oclonal anubodies. 



(1) Immunizing BAlB/c mice with homogenized tissue; 

sen cells and myelomas ftamBALB/c mia 
^Scparatingindividuel hybrids **f^*~**^?^ 

(4) Preparing a 

same time establishing a hybndoma bank; 

(5) Preparit 
polyclonal 

In Figure 1: 
antibodies produced. 
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, i, . ««* ft..*. ^^^^^M**"*"*™ 

U antibody ,««*• in <- co^m — * 

production, as route clones. 

tod wi* Mm «a *• cording dot. sho» no 
, ^ -nnciolc of development who. there is entibody podnoion. When *e clones 

and the corresponding dots will Quote**. 

4 are effective antibodies 

5 are ineffective antibodies 

6 arc HTC-UbeUed anti-mouse IgQ antibodies. 

specific monoclonal antibodies. 

^aschetn^o^c^ 

the protein chip. *heie blade indicates poamve clones, ana 

specific mottoelooal MBbody^wpn-poljetoul annbooy 
cOTtepowhng doc do not fluoresce. 

J , ^^ffctnonodonalanift^^ 
chat the correspondinB dots sho* fluorescence. 



so 
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4 is a specific antibody 

5 is a non-specific antibody 

6 is the antibody for a specific FITC-labelled antigen 

Figure 4 is a fiimrescence phoumnciogfitph showing identification by the protein chip of the 
antibodies produced- 

The nyhrldoma strains expanding to the bright do* have antibody production, otherwise 
they are route clones. 

Figure 5 shows the protein chip screening for AFP monoclonal antibodie,, 

2 strains of AFP monoclonal antibodies were screened, indicated by 1 and 2 respectively. 

Figure 6 shows the protein chip screening for actio monoclonal antibodies 

4 strains of actin monoclonal antibodies wen: screened, indicated by 1.3. 3 and4 
respectively. It can be seen from the figure that 1 and 2 have the highest affinity, wlule 4 has 
tbc lowest affinity * 

References: 

j WangM cixian: Monoclonal antibody whniques andd*ir appUcations. Journal of the No. 
4 Military Medical University, 1983: 4: 61 ; 

2 Edited by Zhang Hejun et al: Monoclonal antibody edl immunity experimental technique. 
Kunming: Yunnan Science andTechnology Press, 1986: 259 - 260 

3. Edi^ b yXu2h*ai ec * Pxacucal monoclonal antibody techniques: Shaanxi 
Science and Technology Press, 1992: 42 - 73 



14 



OB-Fab-02 I0:39an Fron-CARPMAELS I RANSFORD * +020740541 68 T-811 P.20/2O F-67B 

+02074054166 



4. Compare iteme Editedby Xu Zhikaietal: Practical monoclonal antibody 
technique* Xi'an: Shaawi Science and Technology Press, 1992: 65 -73 



